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THE BEHAVIOR OF DISULFIDE BONDS OF HUMAN SERUM TREATED
WITH ALKALINE SOLUTIONS*
Z. M. HOLL6, M.D. AND L. E. SIBALIN P.u.D.
Holló and Zlatarov (1, 2, 3) have demon-
strated in examinations carried out in hair,
epidermis and mouse organs that on hydrolyzing
them in a sodium hydroxide solution of 0.5 and
6 per cent respectively, the amount of the S—S
bonds reduced to —SH groups depends upon the
concentration of the alkali solution used for the
hydrolysis. In almost all of the different kinds of
tissues examined the quantity of the reduced S—S
bonds was higher on the action of higher con-
centrations of alkali, than if lower concentrations
were used.
In the present paper the ratio of the reduction
of the S—S bonds of human sera produced by the
action of alkali solutions of varying concentra-
tions was examined. Actually, in these deter-
minations the common estimation of the —Sil
groups and the reduced S—S bonds is involved.
Here, however, only S—S bonds are mentioned
considering that —811 estimations were not per-
formed separately as well as in view of the fact
that the —Sil quantities of sera obtained by
amperometric titration—53 micromol/100 ml
serum—(4) seem to be negligible as compared to
the high S—S values obtained in our experi-
ments.
METHODS AND MATERIALS
The experiments described below were mostly
performed in August and September 1955. The
bloods were taken with a few exceptions from
healthy, 20—28 years old, fasted individuals.
Fresh or 1—2 days old sera were used, Sera were
stored at 4°C.
Examinations Carried Out with Hydrolysis in a
Boiling Water Bath
The sera of 30 different individuals was ex-
amined as follows: 0.5—0.5 ml of sera diluted with
a solution of physiologic saline in a ratio of 1:5
was introduced into glass tubes 10 mm in dia-
meter and 140 mm long, marked at 8 ml and then
one ml of sodium-hydroxide solution of varying
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concentrations (1, 5, 3, 6, 12, 18 per cent) was
added. Thus the final alkali concentrations of the
solutions were 0.5, 1, 2, 4, 8 and 12 per cent.
Immediately after the addition of the alkali
solution the open tubes were placed into a boiling
water bath and kept there for 15 minutes. Sub..
sequently the volume was made up with a sodium
hydroxide solution of 0.5 per cent and in the case
of the alkali solutions of higher concentration
with distilled water to 8 ml. The determinations
were carried out with Bennett's reagent (1-I
4-chloromercuri-phenylazo/-naphtol-2) dissolved
in toluene-aniline according to the method of
Holló and Zlatarov (2).
RESULTS
The amount of the S—S bonds reduced to
—811 groups was—with a variation of per
cent—identical related to the same serum after
hydrolysis with various concentrations of the
sodium hydroxide solutions. The values obtained
with the different sera expressed in terms of
cysteine were 3100-3600 microgram/ml.
When this report was written data relating to
more than 100 sera were available to us. In the
greater part of these samples the above data were
observed, there were, however, sera which be-
haved differently. In the sera of several cancer
patients it was found that parallel to the rise in
the concentration of the alkali used for the
hydrolysis the amount of the determinable
—811 groups increased too. Related to the values
obtained with the alkali solution of 0.5 per cent
the increase amounted to 15—20 per cent. A simi-
lar phenomenon was detected in the sera of a
few healthy males about 20 years old. It seems of
interest to note that this phenomenon was only
observed during the summer months in the
patients suffering from carcinoma; in the case of
the normal individuals on the other hand, it only
occurred in winter.
The Effect of Alkali Solutions on the Reductive
Decomposition of Disulfide Bonds at Room
Temperature
In these experiments sera diluted with a solu-
tion of physiologic saline in a ratio of 1:5 were
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mixed in equal amounts with solutions of sodium
hydroxide of 1, 2, 4 and 8 per cent. 5 ml of each
of the diluted sera was poured into 12 test-tubes
and into 3-3 tubes an alkaline solution of the same
concentration was introduced. The estimation
was carried out in four tubes immediately after
the addition of the alkali, the other eight were
allowed to stand for 5 and 24 hours respectively,
and then determined. Just before the examina-
tions the material was diluted as follows: that of
the substance with a final alkali concentration of
0.5 per cent was doubled, that with one of 1 per
cent was trebled, that with one of 2 per cent was
increased fourfold and that with one of 4 per
cent was increased sixfold. The dilution was
carried out with a solution of sodium hydroxide of
0.5 per cent and with distilled water respectively,
so that the alkali concentration of the solutions
to be determined ranged between 0.5 and 1 per
cent.
The sera of 11 different individuals and a
mixed serum from various individuals were
examined. The results are summarized in the
following Table.
The data are related to 1 ml serum in terms of
microgram cysteine. The data concerning the
mixed serum are tabulated separately, the figures
in brackets express the minimum and maximum
values obtained in the different sera.
Percent-
age of
NaOH
in Sera
Determinations Carried Out
Immecliately After 5 hours After 24 hours
0.5 700(520—720)
1800
(1320-1640)
1500
(960—1120)
1 780(800—1320)
1920
(1500—1900)
1700
(1000—1500)
2 1280(1240—2000)
2400
(1560—2200)
2100
(1000—1480)
' 1930(1560—2160)
3100
(2120—2700)
2600
(1100—1680)
The Table shows that the simple mixing of the
sera with a sodium hydroxide solution resulted in
the reductive decomposition of a considerable
amount of disulfide bonds. If the serum-alkali
mixture was allowed to stand for 5 hours the —SR
value obtained increased. After 24 hours the
values did not show any further rise; on the
contrary, as compared to the previous ones a
decrease could be observed. In the case of other
proteins kept at room temperature and dis-
solved in an alkali solution or mixed with the
latter this phenomenon was also frequently
observed. This is obviously due to the fact that a
part of the reduced disuffide bonds is reoxidized.
Experiments were also carried out with globulin
fractions obtained with Howe's fractionation
method. However, in view of the fact that the
salting out with sodium sulfate in itself influences
the behavior of the disulfide groups of the
proteins in an alkaline hydrolysis, further experi-
ments must be performed.
DISCUSSION
Our experiments show that if whole serum is
hydrolyzed with sodium hydroxide solutions of
varying concentrations for 15 minutes in a boiling
water bath the values obtained with the various
alkali concentrations are identical in the greater
part of the sera investigated, i.e. do not depend
upon the concentration used for the hydrolysis.
Hence the serum proteins behave differently to
other kinds of tissues such as hair, epidermis and
internal organs—with the exception of the heart
muscle—in which the amount of S—S bonds
reduced to —SR groups was increased if the
concentration of alkali was higher. A parallel
reduction was only noted if the alkali action did
not take place at 100°C, but only at room
temperature.
In the course of these experiments we gained
some insight into the behavior of the disulfide
bonds of serum proteins in the Course of alkaline
hydrolysis and we are still very far from having
obtained a complete picture of this subject
because it appears that the behavior of disuffide
structures on the action of alkali is a far more
complex problem than we assumed at the begin-
ning of the experiments. Since, however, the re-
sults obtained in this manner are reproducible in
1—3 days old sera and the experiments are very
simple it seemed worth while to describe them.
These examinations may afford a basis for similar
determinations of various other proteins. Further-
more, this method may also be useful for the
establishment of the changes brought about in
the behavior of the S—S bonds on the action of
various effects, e.g. irradiation, heat-coagulation,
denaturation etc. For instance Holló and Zlatarov
(1, 3) demonstrated that in X-ray epilated hair
roots and mouse epidermis painted with methyl-
cholantrene and benzpyrene the behavior of the
S—S bonds changes in the course of alkaline
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hydrolysis. Actually these investigations—mainly
those concerning the effect exerted by methyl-
cholantrene and benzpyrene—induced us to
start our examinations with serum proteins as an
attempt to find a suitable basis for the compari-
son of normal and carcinogenic sera.
Finally, we also must consider the question of
whether the complete reductive decomposition
of the S—S bonds takes place in an alkaline
medium. We tried to shed some light on this
problem by taking the data reported by Van
Scott and Flesch (5) and by Holló and Zlatarov
(1, 3) into account. Van Scott and Flesch ob-
served in defatted and powdered material
(epidermis, keratin, hair, nails), as well as in
insulin, the complete reduction of the disuffide
bonds. The investigations of Holló and Zlatarov
performed in hair, in X-ray epilated hair bulbs
and epidermis also support the assumption that
S—S bonds are quantitatively reduced, on the
other hand, in healthy hair bulbs, presumably on
the action of alkaline hydrolysis (1), only a part
of the S—S bonds are reduced.
Concerning serum proteins, we believed at
first that all their S—S bonds were reduced
because the values obtained were considerably
higher than those reported by Goldblum and co-
workers (4) by means of amperiometric titration.
Later, however, we became aware of the fact that
some of the disulfide bonds of the serum proteins
are not reduced in the course of alkaline hydroly-
sis. These results will be reported later.
SUMMARY
The reductive decomposition of disuffide
bonds of human sera produced by the action of
alkali was examined. The determinMions were
performed colorimetrically by means of Bennett's
sulfhydryl (1-/4-chloroniercuri-phenylazo/naph-
tol-2) reagent. If the sera mixed with sodium
hydroxide solutions of varying concentrations
were kept for 15 minutes in a boiling water bath
the amount of the reduced disulfide bonds was
independent of the concentration of the alkali,
i.e. it did not show any change in the various
concentrations. The values obtained with the
varying concentrations were expressed in terms
of cysteine 3100—3600 microgram/mi. If the sera
were mixed with alkali solutions varying in con-
centration and kept at room temperature the
quantity of the reduced S—S bonds rose paral-
id to the concentration of the alkali (550—3100
microgram cysteine/mi serum).
REFERENCES
1. Hoj.rh, Z. M. AND ZLATAEOV, S.: The behavior
of disulfide bonds in keratinized hair, in
healthy and in X-ray epilated hair bulbs.
In press.
2. H0LL6, Z. M. AND ZLATAROV, S.: The behavior
of disulfide bonds of mouse organs after alkali
treatment. Determination with Bennett's
reagent dissolved in toluene-aniline. In press.
3. H0LL6, Z. M. AND ZLATAROv, S.: The effect of
methylcholanthrene and benapyrene painting
on the disulfide bonds of mouse epidermis. In
press.
4. GOLDBLUM, R. W., PIPER, W. N., AND OLsEN,
C. J.: The effects of ultraviolet light on the
sulfhydryl and disulfide groups of normal
human sera. J. Invest. Dermat., 23: 463, 1954.
5. VAN SCOTT, E. J. AND FLE5CE, P.: Sulfhydryl
groups and disulfide linkages in normal
and pathological keratinization. Arch. Der-
mat. & Syph., 70: 141, 1954.
